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I N T R O D U C T I O N  
The use  of  a c o u s t i c  methods f o r  f i s h  abundance e s t i m a t i o n  i s  
now i n  a  s t a t e  of  p rog res s ive  improvement. Already a t  p r e s e n t  
such methods have proved t o  g i v e  v a l u a b l e  in format ions  on 
s t o c k  s i z e  of  both  e x p l o i t e d  and unexplo i ted  f i s h  popu la t ions  
(BLINDHEIM and NAKKEN 1971, DRAGESUND 1970a and b ,  DRAGESUND 
e t  a i .  1973, MIDTTUN and NAKKEN 1972, THORNE and WOODEY 1970, 
THORNE e t  a l .  1971) .  The success  o f  an a c o u s t i c  abundance e s t i -  
mation depends s t r o n g l y  on t h e  behaviour  and t h e  d i s t r i b u t i o n  
of  t he  s p e c i e s  i n  ques t ion .  The b e s t  c o n d i t i o n s  f o r  t h e  echo 
i n t e g r a t i o n  technique a p p l i e d - b y  t h e  I n s t i t u t e  of  Marine Re-  
s ea rch ,  Bergen, a r e  given when t h e  f i s h  s t o c k  i n  q u e s t i o n  i s  
d i c t r i b u t e d  w i t h i n  a de f ined  a r e a ,  unmixed wi th  o t h e r  s p e c i e s  
and i n  cont inous  s c a t t e r i n g  l a y e r s  a t  moderate dep ths  i n  mid- 
water .  Condi t ions  a r e  more complicated when t h e  f i s h  a r e  
forming dense ,schools o r  a r e  mixed wi th  o t h e r  s p e c i e s ,  and 
iinfavourable s i t u a t i o n s  a r e  found wlien the f  is11 a r e  d i s t r i b u t e d  
c l a s e  t o  the  bottom o r  near  the  sea su r face .  
;n p r a c t i c a l  a p p l i c a t i o n  i t  i s  t h s i e f o r e  of t h e  g r e a t e s t  
importance t o  take  i n t o  cons idera t ion  f i s h  behaviour and t o  
c a r r y  o u t  the  surveys aiming a t  an abundance es t imat ion  when 
condi t ions  a r e  a s  favourable a s  poss ib le .  This maY be r e l a t e d  
t o  s p e c i a l  spawning o r  feeding seasons. 
I n  the following we s h a l l  give two examples of acous t i c  f i s h  
s tock abundance es t imat ion .  The f i r s t  one i s  the  es t imat ion  
of an expbited f i s h  s tock ,  namely the  Barents Sea Capelin. 
The second example i s  s i z e  measurement of the  unexploited 
blue whiting s tock .  The surveys of both spec ies  a r e  undertaken 
a t  the  time of t h e  year when the  condi t ions  seem t o  favour 
the  technique used. 
ME THOD 
The method appl ied i s  descr ibed by FORBZS and NAKKEN ( 1 9 7 2 ) .  
Wllen a 2 0  log R + Z C : R  time var ied  ga in  i s  ilsed, the  in teg ra ted  
( ~ r  averaged) echo intensi-;:y is proportic:~zL to the  number 
c f  £i.oh pe r  uni t a rea ,  
wherepA i s  the  number of f i s h  pe r  u n i t  a rea  and M i s  the  
in teg ra ted  echo i n t e n s i t y .  I n  p r a c t i c a l  app!.ication M i s  
accumulated over each r iaut ical  mile s a i l e d .  The cons tant  b  
can be regarded a s  a t r e sho ld  d e n s i t y  below which no con t r i -  , 
bution t o  the  i n t e g r a t e d  echo i n t e n s i t y  o c ~  -u r s .  
When aiming a t  a,n es t imate  of s tock s i z e ,  the  two main p o i n t s  
t o  be considered ase:  
1. Detexmination of m and b  i n  egilation ( I ) ,  so t h a t  r e l a t i v e  
d e n s i t i e s , Y ,  can be ~ ~ n v e r t e d  t o  ahzolute  d e n s i t i e s  y A '  
L ,  C o l l e c t  obse rva t ions  of M throughout t h e  t o - t a l  a r e a  of 
~ 3 i s t r i b u t i o n  f o r  t h e  stoclc under cons ide ra t ion .  I 
I n  o r d e r  to  determine m and b  i n  equa t ion  ( I )  , corresponding 
va lues  o f ?  and M a r e  needed. THORNE and WOODEY (1970) ob- A 
t a i n e d  e s t i m a t e s  o f P A  by p e l a g i c  t r awl ing .  MIDTTUN and 
NAKKEN (1971) suggested a  d i f f e r e n t  way of  approach: When 
t h e  f i s h  spec i e s  i n  ques t ion  a r e  recorded a s  i n d i v i d u a l s  t h e  
number of  f i s h  t r a c e s  which appear on t h e  r eco rd ing  paper  a r e  
counted.  A s e r i e s  of  obse rva t ions  of  M and N (number of f i s h  
w i th in  t h e  dep th  i n t e r v a l  of  i n t e g r a t i o n )  a r e  t hen  ob ta ined .  
The number of f i s h ,  N, a r e  d iv ided  by t h e  sampling a r e a  of t h e  
sounder ,  w i th in  t h e  i n t e r v a l  of count ing  and i n t e g r a t i o n ,  
g iv ing  PA. The sampling a r e a  of t h e  sounder can be found 
i n  two ways. When t h e  echosounder used,  has  a  c a l i b r a t e d  
r eco rde r  g a i n  swi t ch ,  t h e  d i f f e r e n c e  between t h e  r eco rde r  
g a i n  a t  normal s e t t i n g  and t h e  g a i n  g iv ing  a  j u s t  v i s i b l e  
marking of  t h e  paper  f o r  t h e  f i s h  i n  q u e s t i o n ,  a r e  used t o  
f i n d  t h e  sampling ang le  i n  t h e  d i r e c t i v i t y  diagram. The 
sampling angle  ( d e t e c t i o n  angle )  can a l s o  be found by count ing  
t h e  number of echoes from each f i s h  (MIDTTUN and NAKKEN 1971) .  
I t  should be noted t h a t  it  i s  n o t  necessary  t o  do t h e  obser-  
v a t i o n s  o f f A  and M wi th  t h e  same echosounder. When us ing  two 
sounders ,  t h e  one which i s  used t o  o b t a i n  e s t i m a t e s  of N should 
have a  40 log  R + 2 d R  time v a r i e d  gain1,  a s  t h i s  w i l l  s i m p l i f y  
t h e  l a t e r  c a l c u l a t i o n s .  
The t o t a l  amount o f  f i s h , T ,  of a  g iven  s p e c i e s  w i t h i n  an a r e a ,  
A ,  can be w r i t t e n  
The most convenient  way t o  c a l c u l a t e  T i s  t h e r e f o r e  t o  do 
an a r e a  i n t e g r a t i o n  of  t h e  i n t e g r a t e d  e c h o i n t e n s i t y  (x MdA) . A 
Then a r e l a t i v e  measure of  f i s h  abundance i s  achieved.  I f  
est imakes of m i s  a v a i l a b l e ,  a b s o l u t e  e s t i m a t e s  of f i s h  abun- 
dance ,T ,  can  be c a l c u l a t e d .  
mien mixed r e c o r d i ~ g s  occur ,  it i s  necessary t o  d i sc r imina te  
bekween the  spec ies ,  and f i n d  the  con t r ibu t ion  t o  t h e  in te -  
g r a t o r  recordings from each spec ies .  On board t h e  Norwegian 
research  v e s s e l s i t  i s  the re fo re  rou t ine  procedure t o  i d e n t i f y  
t h e  echo recordings by t rawl  ca tches  whenever the  recordings 
apparent ly change., . I t  i s  a l s o  rou t ine  t o  s c r u t i n i z e  t h e  
acous t i c  d a t a  each day and t o  decide which spec ies  of f i s h  
have cont r ibuted  t o  t h e  in teg ra ted  echo i n t e n s i t y .  This 
a n a l y s i s  i s  done by experienced people on b a s i s  of examination 
of t rawl  ca tches  and echo recordings.  
During the  i n v e s t i g a t i o n s  reported i n  t h i s  paper t h e  6 echo 
i n t e g r a t o r s  onboard t h e  G.O.Sars were connected t o  the  Simrad 
s c i e n t i f i c  sounder EK 3 8 .  The 5 upper channels were normaily 
adjus ted  t o  i n t e g r a t e  i n  50 m depth s l i c e s  down t o  250 m ,  
while t h e  6 th  channel worked between 250 and 449 m .  During 
t h e  blue whiting surveys a s l i g h t l y  d i f f e r e n t  s e t t i n g  was 
adopted i n  order  t o  include a l s o  the  deeper p a r t  of the  f i s h  
l aye r s .  A l l  channels have a bottom s t o p  funct ion  which s t o p s  
the  i n t e g r a t i o n  j u s t  above bottom. 
The i n t e g r a t e d  echo i n t e n s i t i e s  were read pe r  n a u t i c a l  mi le ,  
averaged f o r  each 25 n a u t i c a l  miles  (running means) and 
p l o t t e d  along the  course l i n e .  
RESULTS AND DISCUSSION 
Determination of m and b. 
Table 1 and Figs 1-2 show come r e s u l t s  of t h e  determinat ion of 
t h e  cons tan t s  m and b f o r  blue whit ing and cape l in .  The 
d i f f e r e n c e  i n  t h e  cons tan t  b f o r  blue whiting a r e  caused by 
t h e  d i f f i c u l t y  of de f in ing  ' the " j u s t  v i s i b l e  mark" on t h e  
recording paper.  The d i f f e r e n c e s  i n  t h e  s lopes ,  m ,  from 
January t o  March a r e  ha rde r  t o  explain.  I n  March a r e l a t i v e  
narrow range of f i s h  d e n s i t y  observat ions  were used and it 
might be t h a t  values from January a r e  t h e  most r e l i a b l e .  The 
mean of a P P  t h r e e  s lopes  i s  1570 individuals/mm p e r  n a u t i c a l  
mile  enaut ica1 mile2 corresponding t o  approxirna t e l y  0.4 ton/ 
2 mm p e r  n a u t i c a l  m i l e - n a u t i c a l  mile  e 
For capcl i t i  tlie c a l i b r a t i o n  run shows a  s lope  of 106- lo3  indi -  
~ viduals /  mm p e r  nau t i c a l  m i l e - n a u t i c a l  mile2 which corresponds ! 
2 t o  approximately 1 , 4  ton/mm p e r  n a u t i c a l  m i l e - n a u t i c a l  mile  . l 
The d i f f e r e n c e  between t h e  s lopes  f o r  blue whit ing and c a p e l i n  I l 
i n d i c a t e s  t h a t  t h e  c a p e l i n  h a s  a  much lower t a r g e t  s t r e n g t h  ! 
(5-6 d ~ )  than equa l ly  s i zed  blue whit ing.  Observations a t  ! 
l 
sea i n d i c a t e s  t h a t  15 cm cape l in  has  a t a r g e t  s t r e n g t h  of 
-50 dB while a  15 cm cod (NAKKEN and OLSEN 1973) has  an expected ! 
t a r g e t  s t r e n g t h  a t  sea  of -45 dB. Fur the r ,  t h e  r e s u l t s  ob- 
ta ined by NAKKEN and OLSEN (1973) i n d i c a t e  t h a t  t h e  blue 
whiting has  a  d o r s a l  a spec t  t a r g e t  s t r e n g t h  which i s  s l i g h t l y  
lower than t h a t  of cod. The d i f f e r e n c e  between blue whit ing 
and cape l in  which appears from our  observat ions i s  t h e r e f o r e  
- 1 - reasonable.  Since t h e  c a l i b r a t i o n  r e s u l t s  f o r  t h e  G.O.Sars show 
no s i g n i f i c a n t  d i f f e r e n c e s  in. equipment c h a r a c t e r i s t i c s  between 
1971 and 1973 t h e  r e s u l t s  obtained wi th in  t h i s  per iod  a rea  
comparable, 
The b i a s  introduced i n  t h e  e s t ima tes  of m, by o t h e r  spec ies  
l mixing with t h e  b lue  whiting and cape l in  during t h e  c a l i b r a t i o n  l l runs i s  bel ieved t o  be small .  Pe lag ic . t r awlca tches  ind ica ted  l 
t h a t  both spec ies  were i n  "pure" consen t ra t ions  . 
I t  i s  seen from equat ion (11) t h a t  even i f  t h e  magnitude of t h e  l 
cons tan t  b  exceeds t h a t  of m ,  b  w i l l h a v e  a  q u i t e  i n s i g n i f i c a n t  
inf luence  on t h e  t o t a l  amount of f i s h  which appear i n  t h e  
d i s t r i b u t i o n  c h a r t s  (Figs  3 and 4 ) .  I n  c a l c u l a t i n g  t h e  amount 
of f i s h  p r e s e n t  i n  t h e  d i s t r i b u t i o n  c h a r t s  the  following 
forms of equat ion I1 were the re fo re  used: 
Blue whi t i n g  : T = 0 ,4  j MdA ( ton)  
A 
Capelin : T = 1 , 4 *  / M ~ A  ( ton)  
A 
i 
T h e  magnitude of the var iances  a s soc ia ted  with the  e s t ima tes  
obtained from equat ions (111) a r e  t o  some e x t e n t  unlcnown, 
and a s  t h e  var iance  w i l l  vary from species  t o  spec ies  and from 
year t o  yea r  t h e  e s t i m a t e s  f o r  t h e  two s p e c i e s  w i l l  be d i scus sed  I 
s e p e r a t e l y .  
Capel in  
The r e s u l t i n g  abundance e s t i m a t e s  from t h e  two c a p e l i n  surveys  
a r e  t a b u l a t e d  below 
1971 1972 
Rel.  .(l M ~ A )  Abs. ( T )  
2 
mm- (nm) ton  
Rel.  (j M ~ A )  Abs. (T)  
mm- (nm) 2 ton  
l 
The a b s o l u t e  v a l u e s  i n  t h i s  t a b l e  a r e  lower than  those  r e p o r t e d  1 
by MIDTTUN and NAKKEN (1972) . The reason f o r  t h i s  d i sc repancy  1 
i s  t h e  lower va lues  of  m.  The va lues  o f  m r epo r t ed  i n  t h e  
I 
l 
11 
above mentioned paper  were found a t  by t a k i n g  t h e  r a t i o s  be- i 
j 
tween t h e  a r i t h m e t i c  means of R and M i n  t a b l e  1. The magni- 
tude  of  t h i s  r a t i o  i s  depending on t h e  magnitude of b  and t h e  
procedure  may l e a d  t o  s e r i o u s  e r r o r s  e s p e c i a l l y  when many low 
11 l 
va lues  of M and gA a r e  used.  l 
The c a p e l i n  survey  i n  1971 (Fig .3)  were c a r r i e d  o u t  under 
favourab le  c o n d i t i o n s .  The f i s h  were d i s t r i b u t e d  over  wide \ 
I 
a r e a s  i n  s c a t t e r i n g  l a y e r s  and t h i n  schools  w e l l  above t h e  
bottom and p rac  t i c a l l y  unmixed w i t h  o t h e r  s p e c i e s  . Excluding 
a l l  u n c e r t a i n ,  M-values (d i s r ega rd ing  t h e  r ea son  f o r  t h e  I! 
u n c e r t a i n t i ) ,  t h e  e s t i m a t e  of  T decreased  wi th  e i g h t  p e r  c e n t .  
The va lue  of  m f o r  c a p e l i n  was ob ta ined  du r ing  t h i s  survey and 'I li 
i s  based on mean v a l u e s  o f  N from fou r  d i f f e r e n t  obse rve r s .  'i 
When m i s  c a l c u l a t e d  f o r  each of  t h e s e  f o u r  s e t s  of  d a t a  t h e  'i 
8 I 
' l h i g h e s t  and lowest  va lues  w i l l  be 1 , 6  and 1 , 3  ton/mm p e r  I l 
n a u t i c a l  m i l e - s q u a r e  n a u t i c a l  mi l e  r e s p e c i t v e l y .  Using t h e  # i  
I l  
above in format ion  t o  c a l c u l a t e  an upper and lower v a l u e s  of  T 
one a r r i v e s  a t  7 ,  71-106 t o n  and 5 , 7 0 1 0 ~  ton  r e s p e c t i v e l y .  
The percen tage  mature f i s h  i n  t h e  t r awlca t ches  were found t o  , / 
be 35-40 p e r  c e n t  (DRAGESUND and NAKKEN 1972) and acco rd ing ly  l I 
I 
l 
the  spawning s toclc ainoun ted t o  somewhat be tween 2.0 l o 6  t o n s  
6 
::~ld 3,1010 tons ,  These f iyu~:es co inc ide  ve ry  w e l l  wi th  
cslililalies kroin egg and l a r v a l  surveys  arid tayging experinicnts 
(DRAGESUND, GJ@SErrER arid MONCTAD 1373) . 
The cond i t i ons  f o r  doing echo i n t e g r a t i o n  i n  August 1972 
( ~ i g . 3 )  were more d i f f i c u l t  than  i n  September 1971. I n  t h e  
western  p a r t  of t h e  a r e a  t h e  c a p e l i n  was d i s t r i b u t e d  c l o s e  t o  
t h e  bottom over  wide a r e a s .  F a r t h e r  t o  t h e  e a s t ,  c a p e l i n  and 
p o l a r  cod v e r y  o f t e n  were e x t e n s i v e l y  mixed, and a t  t i m e s  it 
was impossible  t o  d i s c r i m i n a t e  between t h e  two s p e c i e s  on t h e  l 
record ing  paper .  The p o r t i o n  mature f i s h  i n  t h e  t r awlca t ches  
were e s t ima ted  t o  be 75-50 p e r  c e n t  (GJ~SÆTER e t  a l .  1972) 
r e s u l t i n g  i n  e s t i m a t e s  of 6 , 8 0 1 0 ~  tons and 7 , 2 4 1 0 ~  tons  f o r  l 
t h e  spawning stoclc. Observat ions  made by MONSTAD and KOVALYOV l 
(1973) i n  November-December 1972 i n d i c a t e d  a  much lower per- 
cen tage  of  mature f i s h  (30-40 p e r  c e n t )  a  m a t t e r  which w i l l  
reduce t h e  e s t i m a t e s  of t h e  spawning stoclc cons ide rab ly .  1 
Blue whi t ing  
Surveys f o r  e s t i m a t i n g  t h e  spawning s t o c k  o f  t h e  b lue  wh i t i ng  l 
w e r e  c a r r i e d  o u t  i n  1972 and i n  1973, bo th  yea r s  j u s t  be fo re  
o r  du r ing  t h e  spawning season,  March-April. I n  t h i s  p e r i o d  
t h e  b lue  whi t ing  i s  d i s t r i b u t e d  w i t h i n  a r a t h e r  w e l l  de f ined  
a r e a  nor thwest  of  t h e  B r i t i s h  Isles (F ig .4 ) .  The f i s h  a r e  
most ly  consen t r a t ed  i n  p e l a g i c  s c a t t e r i n g  l a y e r s  a t  dep ths  
between about  350 and 550 metres  and unmixed wi th  o t h e r  
s p e c i e s .  Both i n  1972 and i n  1973 t h e r e  were a c t u a l l y  
c a r r i e d  o u t  two independant surveys  each yea r  and t h e  r e s u l t s  l 
a r e  p re s5n ted  below: 
I 
Rel. (/M&) Abs. (T)  
mrno (nm) 2 t o n  
x) exc lud ing  t h e  Rockal l  Rank and t h e  Porcupine Banlc sou th  of  
54Ola t i  tude  . 
The r e s u l t s  need some comments: The va lues  ob ta ined  by t h e  
1972 surveys  a r e  much lower than  r epo r t ed  by JAKUPSSTOVU and 
MIDTTUN (1972) and by MIDTTUN and NAKKEN (1972) . This  i s  be- 
l cause  t h e  c a l i b r a t i o n  r e s u l t s  now a r e  more r e l i a b l e  than  t h o s c  l ob ta ined  du r ing  t h e  1972 survey.  The second survey  1973 d i d  I n o t  cover  t h e  whole a r e a  o f  d i s t r i b u t i o n  s i n c e  i t  was con- I ducted p a r t l y  a s  a s e r v i c e  t o  t h e  smal l  f l e e t  o f  v e s s e l s  doing I f i s h i n g  t r i a l s  h e r e ,  i n  o r d e r  t o  f i n d  t h e  b e s t  a r e a s  f o r  I f i s h i n g  ope ra t ions .  But a l s o  t h e  two surveys  i n  1972 d i d  n o t  I i nc lude  t h e  whole Porcupine Bank, and t h i s  may be p a r t  of I t h e  reason  why t h e  1972 r e s u l t s  a r e  lower than  those  o f  1973. I On t h e  o t h e r  hand t h e  h igh  va lue  from t h e  f i r s t  curvey 1973 i s  - l based on a r a t h e r  open g r i d  n e t  and could be a b i t  overes t imated .  I I ACKNOWLEDGEMENTS 
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f i s h  PA (number of f i s h  p e r  square mi le)  obtained by;counting of f i s h  t r a c e s  ,N. on t h e  
recording paper .  N and N2 a r e  obtained from t h e  same f i s h  t r a c e s  by t h e  personel  on 1 
d i f f e r e n t  watches. The r e s u l t s  of  a l e a s t  mean square r eg ress ion ,  PA = m ~ + b ,  a r e  shown 
a t  t h e  bottom of t h e  t a b l e .  
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Fig .  1. Corresponding va lues  of i n t e g r a t e d  echo i n t e n s i t y , M ,  
and f i s h  d e n s i t y ,  P A ,  ( c a l c u l a t e d  from coun t s  on t h e  
r eco rd ing  paper )  f o r  b lue  whi t ing. ,  1) and 2 )  e s t i m a t e s  
from two d i f f e r e n t  watches count ing  t h e  same r eco rd ing  
paper  i n  January  1973, 3)  e s t i m a t e s  from March 1973. 
' /  Fig.  2 .  Corresponding va lues  of  i n t e g r a t e d  echo i n t e n s i t y , M ,  
t and f i s h  d e n s i t y ,  P A ,  ( c a l c u l a t e d  from coun t s  on t h e  
l r e co rd ing  paper )  f o r  c a p e l i n .  


